Introduction
Rainfall in different parts of Australia is highly variable [1] . Southeastern Australia is a highly populated region and provides for a large portion of Australia's agricultural production [2] , so rainfall variability in this area has a substantial impact from a variety of perspectives. Most previous studies have focused on winter rainfall in southern Australia because of its large impacts on ecosystem performance and societal development [2, 3] . In contrast, summer rainfall attracts less attention, despite extreme summer rainfall being capable of causing severe disasters. For example, in December 1982 to February 1983, a very strong El Niño impact on subtropical eastern Australia with drought conditions widespread across eastern and southern Australia, which resulted in farm losses of a thousand million dollars, and undoubtedly contributed to the Ash Wednesday disaster [4] . Flood in southeastern Australia is frequent in summer. In Australia this was never more apparent than in January 2011 when
Data and Methods

Data
The datasets employed in this study are summarized as follows: Monthly precipitation records of 325 meteorological stations were obtained from the Australian Bureau of Meteorology (http://www. bom.gov.au/climate/data/) from the beginning of data availability through to 2017. The monthly COBE SST (Centennial in situ Observation Based Estimates of the variability of SST) data were obtained from NOAA (https://www.esrl.noaa.gov/psd/), representing 1891 to present, gridded on a 1.0 • × 1.0 • mesh [38] . The atmospheric monthly mean data (winds, specific humidity, and geopotential height) were provided by the NCEP-NCAR (http://www.esrl.noaa.gov/psd/data/ gridded/data.ncep.reanalysis.html) reanalysis dataset [39] , with a resolution of 2.5 • × 2.5 • grid. The monthly outgoing longwave radiation (OLR) data, with horizontal grid spacing of 2.5 • , longitude and latitude, was provided by NOAA's National Climatic Data Center (http://www.ncdc.noaa. gov) [40] . The monthly oceanic Niño index was provided by NOAA's Climate Prediction Center (http://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php), which is defined as a three-month running mean of SST anomalies over five consecutive months in the Niño 3.4 region of (5 • S-5 • N, 120 • -170 • W).
The austral seasons in the study area are grouped as: Spring (September-November), summer (December-February), autumn (March-May), and winter (June-August). The subtropical region of southeastern Australia refers to the region (25 • -44 • S and 136 • -155 • E). Summer (December-January-February, DJF) rainfall is defined as the average of rainfall in this region.
Methods
All datasets used in this study covered the period 1979-2016. The daily and monthly data obtained from different sources (described above) were summed (for precipitation) or averaged (for SST, wind, and OLR) into seasonal time series. These seasonal time series were then used to calculate seasonal anomaly time series for correlation and composite analysis.
The relationships between pairs of variables were examined by correlation or composite analysis and the statistical significance of these analyses were assessed using the two-sided Student's t-test [41] .
El Niño Event Classification
The SST anomaly averaged over the Niño 3.4 region of (5 • S-5 • N, 120 • W-170 • W,) was taken as an ENSO index (because it is better than other indexes in the present study). An El Niño phase was defined as three-month running mean of SST anomalies in the Niño 3.4 region which exceeded 0.5 • C for a minimum of five consecutive overlapping three-month seasons.
The onset time of El Niño was defined as the month just before the month when the SST anomaly first exceeded 0.5 • C. Austral autumn El Niño events began in months between February and May, and winter events in months between June and September. The treatment of breakpoints was as follows: If the index (≥0.5 • C) had a break of two months or more, the two events were considered discontinuous. If the index (≥0.5 • C) was interrupted for only one month, and the three-month running average of them exceeded 0.5 • C, the event was continuous; otherwise, it was considered discontinuous [41] . (Table 1 ). Figure 1 shows that the austral autumn El Niño events, with an average duration of 13 months and an average amplitude of 1.24 • C, were strong warm events of long duration. Austral winter El Niño events, with an average duration of 9 months and an average amplitude of 0.89 • C, were weak warm events of short duration. Furthermore, the maximum anomaly for both types occurred in November-January, which implies that the mature phase of El Niño events is highly phase-locked with the seasonal cycle, irrespective of the onset time [35, 36, 41] . We also investigated the relationship between start time and intensity of El Niño events in the following DJF Niño 3.4 index, one by one (figures omitted). There was a close relationship between them. Autumn El Niño was often strong, while winter El Niño was often weak. 
Results
Climatic Characteristics of Summer Precipitation over Subtropical Southeastern Australia
The summer rainfall amounts ranged from 100 mm to 400 mm over subtropical southeastern Australia, were less than 200 mm over central and western Australia, and more than 400 mm over northern Australia (Figure 2a ). In the present study, we focused on subtropical southeastern Australia, non-monsoon area, where the summer rainfall amount was 100-400 mm and accounted for 20-40% of the annual total rainfall (Figure 2b ). The correlation coefficients between the DJF Niño 3.4 index and SASR anomalies were calculated. Results indicate that the relationship between them experienced an interdecadal change around the 1980s. During 1956 During -1979 , the correlation coefficient between them was −0.41, passing the 95% confidence level. In contrast, this correlation then dropped dramatically (−0.08) and was insignificant during 1980-2017. This may be the reason that the seasonal forecast skill of Australian summer rainfall turned out to be quite low [29] . No significant linear correlation is detected, seemingly indicating that ENSO has no contribution to SASR. We note, however, that only the linear part of such a relationship can be detected in correlation analysis. To avoid overlooking a possible nonlinear relationship and improve the seasonal forecast skill of SASR during 1980-2017, the temporal evolution of the Niño 3.4 SST anomaly and relative deviations of SASR during DJF 1980-2017 is shown in Figure 3 . Figure 3 shows that SASR in austral winter El Niño events was much higher than normal. Positive relative deviations of SASR occurred in periods of weaker winter El Niño events, such as 1994/95, 2004/05 and 2009/10, which associated with the positive or neutral southern annular mode (SAM). While 1986/88 negative SAM [42] was responsible for the decreased SASR, a positive SAM can mean that more easterly winds bring moist air from the Tasman Sea and hence increase rain as the winds hit the southeastern coast [20] . However, for the austral autumn El Niño events, negative relative deviations of SASR occurred in periods of stronger autumn El Niño events, such as 1982/83, 1997/98, 2002/03, and 2015/16, and another event (1991/92) had a positive anomaly. The positive 1991/1992 El Niño summer rainfall anomaly may be influenced by the Indian Ocean Dipole (IOD) (1992 was in a negative IOD phase; the others were in a positive or neutral phase [43] ) more than the impact of El Niño onset time. A negative IOD typically results in above-average rainfall over parts of southern Australia [44] because, in addition to ENSO, the southeastern Australia climate is driven by IOD and SAM [45] . Each of these drivers could be expected to alter the structure of synoptic systems over Australia and hence rainfall. It is worth 
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Possible Mechanism of the Rainfall Differences between Autumn and Winter El Niño Events
To untangle the difference in the relationship between SASR and the two flavors of El Niño events, the tropical ocean SST, atmospheric circulation, and water vapor transport differences between austral autumn El Niño events and winter El Niño events were explored.
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Possible Mechanism of the Rainfall Differences between Autumn and Winter El Niño Events
Composite Analysis for the Pacific SST Variability
Large-scale SST variability can exert strong impacts on climate, as the ocean is the important heat sink of the climate system. Figure 4 reveals the spatial structures of the El Niño-related SST anomalies in DJF (mature phase of El Niño) for austral autumn and winter El Niño events separately, from which we can see significant differences:
(1) In the autumn El Niño events, significant positive SST anomalies in the eastern equatorial Pacific (EEP) were larger, with the maximum anomaly 2.7 • C located within 120-140 • W. A wide area of positive SST anomalies stretched southeastward from the eastern tropical Indian Ocean to Australia, and a considerable zone of positive SST anomalies covered the east of Australia.
There are two significant negative anomaly zones in the Pacific Ocean. The northern branch extended northeastward from the Philippine Sea to the North Pacific, with a maximum value of −0.6 • C. The stronger southern branch stretching from New Zealand to South America along 30-40 • S, with a wide-area maximum value of −0.9 • C; (2) In the winter El Niño events, the maximum anomaly was only 1.5 • C and in the central equatorial Pacific (CEP, within 160-170 • W), exhibited weaker and smaller spatial scales than those during autumn El Niño. At the same time, the two negative anomaly branches in the Pacific Ocean all weakened and covered smaller areas, and negative SST anomalies were closer to Australia's southeastern coast. The zonal and meridional gradient of SST in the Pacific were weaker in the winter El Niño events compared to their counterpart-in a normal year.
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Composite Analysis for the Atmospheric Circulation Variability
Analyzing the southern hemisphere's atmospheric variations associated with the Pacific SST anomalies, Figure 5a ,b shows the anomalous horizontal winds at 700 hPa (cyclone and anticyclone indicated by "C" and "A", respectively) and geopotential height at 500 hPa, while Figure 5c ,d shows the anomalous velocity potential and divergent wind at 200 hPa. In the autumn El Niño mature phase of ENSO (DJF), at 700 hPa (Figure 5a ), there were three anomalous anticyclones in the southern hemisphere: One over the wide area of the western Pacific [46] , one centered 160° E (east of Australia), and the third one over the Ross Sea region. Meanwhile, there were two anomalous cyclones, one northeastern extended from the east of New Zealand to 130° W, and another over southeastern Australia. The northeastern coast of Australia was affected by anomalous westerly winds along the southern flank of the anomalous anticyclone and the northern flank of the anomalous cyclone. The westerly was not conducive to the transport of water vapor from the ocean to southeastern Australia. In addition, at 500 hPa a wave train was found in the middle and high latitudes of the southern hemisphere, with positive and negative anomalies alternately extending from the low latitudes toward the southeastern Pacific, that is, the Pacific South American (PSA) teleconnection [46] . Offshore flows prevailed in southeastern Australia, with air transported from inland to the sea. At 200 hPa, anomalous convergence of divergent wind was seen over the whole area of the western Pacific, including Australia (Figure 5c ). This circulation was not conducive to rainfall in this area.
In the winter El Niño mature phase of ENSO (DJF), at 700 hPa (Figure 5b ), there were three anomalous anticyclones: One over the tropical East Indian Ocean [47] , one over the eastern coast of Australia, and the third one located within 130-100° W and 30-50° S. Meanwhile, there were three anomalous cyclones, one over central Australia, one over the east of New Zealand, and the third one centered 90° W (west of South America). Subtropical southeastern Australia was affected by anomalous northerly winds along the western flank of the anomalous anticyclone. The anomalous northerly transported water vapor from the ocean to southeastern Australia [37] . In addition (Figure  5b) , at 500 hPa, the active centers of the PSA wave train shifted westward 20° and were weaker when compared to a normal year, for example, the geopotential height anomaly that was situated northeast of New Zealand decreased from −20 to −5 gpm. A 700-hpa large-scale pattern of cyclone/anticyclone a b 
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Composite Analysis for Water Vapor Transport
Discussion
It can be argued that the summer rainfall maybe actually be related to the intensity of the DJF Niño 3.4 index. We suggest with caution that the start time is a useful metric for seasonal prediction, because it tells the future strength and impacts on SASR, two to three seasons prior to the mature phase of El Niño.
Conclusions
The purpose of this work is to investigate and understand the different impacts of two types of El Niño events on summer rainfall over southeastern Australia. Their relationships featured obvious differences according to the onset time of El Niño events. Our work demonstrates that:
Summer rainfall over southeastern Australia tended to be lower than normal in austral autumn El Niño events and higher than normal in austral winter El Niño events, during DJF 1980-2017.
During autumn El Niño events, the Walker circulation and meridional cells served as a bridge linking the warmer SST in the EEP and lower SASR. This physical process can be described as follows: During DJF, a positive SST anomaly in the EEP was concurrent with anomalous downdraft over southeastern Australia via zonal anomalous Walker circulation along the equatorial Pacific, meridional anomalous cells along 170° E-170° W, and a PSA teleconnection wave train at 500 hPa. In addition, an anomalous convergence at 200 hPa depressed the convection. Meanwhile, an 850-hPa abnormal westerly was not conducive to transport marine water vapor into this area. These factors resulted in below-normal rainfall over this region. During winter El Niño events, a positive SST anomaly in the CEP and the change in the Walker circulation and meridional cells were weaker. The PSA teleconnection wave train shifted westward and northward, and there was a low-level anomalous ascent over southeastern Australia. At the western flank of the anomalous anticyclone, northerly transported water vapor from the ocean to southeastern Australia resulted in a sink of water vapor over this area (non-significant). The development of low-level convective activity and the plentiful water vapor supply favored more rainfall over southeastern Australia. 
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